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ABSTRACT: We evaluated the combined use of 0
or 4 mg/d of recombinant porcine somatotropin (pST)
and 0 or 2.75 ppm salbutamol in three genotypes of
growing barrows (139 d old) differing in lean and
lipid accretion potential. Treatments were in a 2 × 2 ×
3 factorial arrangement, and the three genotypes
tested were Meishan (M, n = 32, 49 kg), Duroc ×
White composite (D × Wc, n = 31, 62 kg), and
Meishan × White composite (M × Wc, n = 31, 64 kg)
pigs. Growth performance was evaluated over 28 d for
individual pigs, and 20-h feed-deprived heat produc-
tion was measured before slaughter (d 34). Daily pST
injection increased ADG (+70 g/d) and reduced ADFI
( −.61 kg/d) across genotypes ( P < .05). Salbutamol
increased ( P < .05) ADG in M × Wc pigs (+146 g/d)
but not in M pigs ( −60 g/d) or D × Wc (+80 g/d) pigs.
However, M pigs had the lowest ADG and ADFI, and
M × Wc pigs not treated with salbutamol grew slower
than D × Wc pigs ( P < .05). Carcass protein and
moisture accretion were additively ( P < .05) increased
by pST and salbutamol for D × Wc and M × Wc pigs.

Meishan pigs had increased carcass protein and
moisture accretion from pST, whereas only moisture
accretion was increased by salbutamol ( P < .05). The
longissimus muscle area and semitendinosus weight
increased as the percentage of M in the genotype
decreased ( P < .05), and both were increased by pST
or salbutamol treatment ( P < .001). Leaf fat was
decreased more ( P < .05) in M pigs than in D × Wc or
M × Wc pigs with pST injection. The similar magni-
tude of leaf fat reduction between D × Wc and M × Wc
pigs resulted in a mean genotype difference ( P < .05),
and salbutamol decreased leaf fat across genotypes.
Oxygen consumption and heat production were in-
creased by pST in M pigs more than in the crossbred
genotypes, but CO2 production was reduced by similar
magnitudes across genotypes, and salbutamol only
tended to reduce CO2 production in D × Wc pigs. In
general, these data indicate that pST and salbutamol
result in additive increases in carcass lean composi-
tion; however, growth rate, carcass accretion, and
various organ weights may vary among genotypes
with salbutamol and pST treatment.
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Introduction

Administration of exogenous porcine somatotropin
( pST) greatly alters carcass composition and visceral
organ mass of growing swine (Boyd and Bauman,
1989; Brier and Gluckman, 1991). The response to
pST treatment is dose related (Etherton et al., 1987;
Evock et al., 1988; McLaren et al., 1990) and seems to
be limited by dietary nutrient intake (Campbell et al,
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Table 1. Diet composition (as fed)a

aSalbutamol was included at 0 or 2.75 ppm of the complete diet.
bPremix provided the following per kilogram of complete diet):

vitamin A, 5,512 IU; vitamin D3, 551 IU; vitamin E, 22 IU; menadi-
one, 2.2 mg; riboflavin, 5.5 mg; d-pantothenic acid, 13.8 mg; niacin,
30.3 mg; choline, 551 mg; vitamin B12, 27.6 mg; 150 mg Mn; Fe, 150
mg; Zn, 150 mg; Ca, 60 mg; Cu, 15 mg; K, 6 mg; I, 4.5 mg; Na, 3 mg;
Co, 1.5 mg.

Ingredient Amount

Corn 71.49
Soybean meal (48% CP) 13.46
Select menhaden fish meal 5.00
Spray-dried porcine plasma 5.00
Soybean oil 2.00
Dicalcium phosphate (18.5% P, 21% Ca) 1.96
Limestone .29
Salt .25
Premixb .40
L-Lysine·HCl .12

DL-Methionine .03

Table 2. Chemical composition of
experimental diets (as fed)a

aValues are means of the basal and salbutamol-treated diets and
represent analyzed contents.

Item Amount

GE, kcal/kg 4,080
CP, % 17.78
Ca, % .90
P, % .80

Indispensable amino acids, %
Arginine 1.01
Histidine .48
Isoleucine .67
Leucine 1.67
Lysine 1.09
Methionine .31
Phenylalanine .85
Threonine .71
Tryptophan .23
Valine .89

Dispensable amino acids, %
Cystine .38
Alanine 1.02
Aspartic acid 1.57
Glutamic acid 2.87
Glycine .79
Proline 1.17

1990, 1991; Goodband et al., 1990). With respect to
genetic potential, pST elicits more dramatic improve-
ments in genotypes that have a greater propensity for
lipid deposition (Bidanel et al., 1991; Klindt et al.,
1992; Noblet et al., 1992a), although others have
suggested that it can accentuate breed differences
(Nossaman et al., 1991).

Salbutamol (hemisulfate salt; a-[(t-butylami-
no)methyl]4-hydroxy-m-xylene-a,a′-diol), a b-adrener-
gic agonist, has been evaluated to a limited extent in
swine (Oksbjerg et al., 1990; Warriss et al., 1990a,b).
Nevertheless, increases in carcass muscling with
salbutamol are similar to those reported with ractopa-
mine (Yen et al., 1990a, 1991). Differences among
genotypes in responses of growth or carcass traits to
either salbutamol or ractopamine are less pronounced
(Warriss et al., 1990a,b; Yen et al., 1990a, 1991) than
responses to pST administration. Experiments evalu-
ating the combined use of somatotropin and a b-
adrenergic agonist have shown additive increases in
carcass muscle criteria for pigs (Jones et al., 1989),
rodents (Bates and Pell, 1991), and cattle (Maltin et
al., 1990). It is not known whether differential
responses to the combined use of pST and a b-
adrenergic agonist exist among different genotypes of
animals.

Thus, the objective of our research was to evaluate
the effects of singular and combined use of pST and
salbutamol on growth and carcass traits, heat produc-
tion during feed deprivation, and visceral organ mass
in swine with different capacities for lean and lipid
accretion.

Materials and Methods

Animals and Environment. The experiment was
conducted from December 1991 through January
1992. Because the compounds used in this research
are not presently approved for use in swine by the
U.S. Food and Drug Administration, all remaining
feed and animal tissues not kept for analyses were
buried at the conclusion of this research. The geno-
types evaluated were as follows: 1/4 Duroc, 3/4 MARC
White Composite ( D × Wc) ; 1/4 Meishan, 3/4 MARC
White Composite ( M × Wc) ; and purebred Meishan
( M) . The MARC White Composite was 1/4 Chester
White, 1/4 Landrace, 1/4 Large White, and 1/4
Yorkshire. Because of the slow growth rate of M pigs,
a similar age rather than initial weight was used for
comparing these genotypes. Eight barrows from each
genotype were slaughtered at approximately 136 d of
age for determination of initial carcass chemical
composition. Because the pigs were born during a
5-wk period and to ensure that pigs had similar initial
ages, eight pigs from each genotype were placed on
test each week for four consecutive weeks (n = 96).
Within genotype, pigs were randomly assigned on the
basis of ancestry to one of four treatments.

Treatments were arranged according to a 2 × 2 × 3
factorial evaluating daily injections of buffer or 4 mg
of recombinant pST (Mallinckodt Veterinary [formerly
Pitman-Moore, Inc.], Mundelein, IL), and diets con-
taining 0 or 2.75 ppm salbutamol (Sigma Chemical,
St. Louis, MO). Composition of the basal diet is
described in Table 1 and was selected based on an
initial investigation (Hansen et al., 1994). The basal
diet was formulated to contain 1.2% lysine, .9% Ca,
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Table 3. Chemical composition (percentage) of
the initial slaughter group carcassesa,b

aValues are means of eight pigs for each genotype.
bD × Wc = Duroc × White composite crossbred; M = Meishan; M × Wc = Meishan × White composite

crossbred.
cComparisons for genotype: (G [1 = D × Wc vs M; 2 = M vs M × Wc; 3 = D × Wc vs M × Wc]; P < .15).

Genotype

Item D × Wc M M × Wc SD Significancec

Moisture 54.9 52.0 52.6 2.9 G1
CP 14.8 14.3 14.5 .6 —
Lipid 27.2 30.6 29.9 3.4 G1
Ash 2.9 2.9 2.8 .3 —
Total 99.8 99.8 99.8 .2 —

Table 4. Regression coefficients used to
estimate initial carcass compositiona,b

aValues were obtained by regressing the slaughter weight of
eight pigs per genotype on carcass composition for estimation of
initial carcass composition for the test group of pigs.

bD × Wc = Duroc × White composite crossbred; M = Meishan; M ×
Wc = Meishan × White composite crossbred.

*P < .05 that value ≠ 0.

Genotype

Item D × Wc M M × Wc

Moisture
Intercept −2,001.3 −130.2 3,275.3
Slope 379.5 267.8 263.3
R2 .96 .98 .81

CP
Intercept −1,661.9 −129.9 239.5
Slope 123.4 75.7 84.4
R2 .93 .95 .91

Lipid
Intercept −1,187.1 398.9 −8,376.5*
Slope* 191.7 149.1 328.9
R2 .75 .83 .85

Ash
Intercept −348.2 −361.0 −305.7
Slope* 24.5 22.9 22.2
R2 .73 .83 .93

and .8% P, and amounts of indispensable amino acids
were adjusted relative to lysine to supply at least the
minimum requirement based on the ratio described for
50- to 110-kg pigs by NRC (1988). Chemical composi-
tion of the basal diet was determined using AOAC
(1984) procedures, and amino acids were quantified
by HPLC following acid hydrolysis (Table 2). Sulfur-
containing amino acids were quantified after perfor-
mic acid oxidation (Moore, 1963). Pigs were housed in
individual pens (1.22 × 1.22 m) equipped with feeders
and an automatic nipple waterer in an enclosed,
temperature-controlled, slotted-floor building. Recom-
binant somatotropin was dissolved in bicarbonate
buffer (25 mM NaHCO3, 25 mM Na2CO3, .154 M
NaCl; pH 9.4) in quantities to last 3 d, and injections
were administered between 0700 and 0800 daily. Pigs
and feeders were weighed on d 0 and 14 and 28 and 24
h prior to slaughter, at which time the feeder was
removed from the pen. Average daily gain, ADFI, and
gain/feed ( G/F) are reported from d 0 to 28. One D ×
Wc pig (4 mg pST/d, 0 ppm salbutamol) was deemed
unsuitable to complete the trial because of loss of
appetite and weight loss, and one M × Wc pig (4 mg
pST/d, 0 ppm salbutamol) died after 18 d on test.
Necropsy of the dead pig indicated gastroenteritis with
gastric ulcers near the cardia of the stomach.

Indirect Calorimetry. Because only three
calorimeters were available each day (4 d/wk), three
pigs from each genotype on the same pST and
salbutamol treatment combination were placed into
the calorimeters at 0800. The pig that died was
scheduled to enter the calorimeter; therefore, only 47
pigs were used for criteria measurements. Oxygen
consumption and CO2 production were measured for
20 h (1130 to 0730 the next day) and were obtained
as described previously (Nienaber and Maddy, 1985).
While in the calorimeters, pigs were allowed ad
libitum access to water but were denied access to feed.
Differences in total number of days from initiation to
termination for all treatment groups were minimized
by rotating the day of week treatment groups entered
the calorimeter over the 4-wk data collection period.
After calorimetric measurements were taken, pigs

were transported to an abattoir and slaughtered with
three other pigs (one pig per genotype) that were on
the same pST and salbutamol treatment but were not
used for calorimetry measurement.

Slaughter and Carcass Data Collection. At slaughter,
pigs were weighed, killed by electric stunning and
exanguination, skinned, eviscerated, and split prior to
weighing of the hot carcasses. Fresh weights of heart,
liver, lungs, spleen, pancreas, kidney, and leaf fat
were recorded. Gastrointestinal tracts were dissected
into small intestine, cecum, large intestine, and
rectum; tissues were emptied of contents, cleansed,
blotted dry, and weighed. Weights of spleen, pancreas,
stomach, and gastrointestinal tract were obtained
individually and collectively represent the portal vein-
drained organs ( PVDO) . Carcasses were allowed to
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Table 5. Carcass components and characteristics of the initial slaughter groupa

aValues are means of eight pigs each and are expressed as the percentage of slaughter weight where
designated.

bD × Wc = Duroc × White composite crossbred; M = Meishan; M × Wc = Meishan × White composite
crossbred.

cComparisons for genotype: (G [1 = D × Wc vs M; 2 = M vs M × Wc; 3 = D × Wc vs M × Wc]; P < .05).
dValues were obtained at approximately 6 h postmortem unless otherwise noted.
eSlaughter weight was included as a covariate.
fTime from slaughter to measurement was included as a covariate.
gPortal vein-drained organs including spleen, pancreas, stomach, small intestine, cecum, and large

intestine.

Genotypeb

Item D × Wc M M × Wc SD Significancec

Age, d 133 136 141 4 G23
BW, kg 53.6 45.7 59.3 8.4 G2
Hot carcass, kg 33.4 23.3 36.3 5.6 G12
Dressing percentage 62.2 50.9 61.0 2.0 G12
Head, % 7.60 8.37 7.36 .68 G12
Feet, % 1.80 2.04 1.85 .18 G12
Skin, % 8.38 11.47 8.94 1.19 G12
Leaf fat, % .99 1.77 1.31 .29 G123
Longissimus muscle (10th rib)d

Area, cm2 20.71 12.86 21.06 2.03 G12
Area, cm2 e 20.57 14.23 19.83 2.03 G12
Temperature, °Cf 5.51 3.31 6.43 1.80 G2
pHf 5.94 6.13 5.78 .21 G23

Semitendinosusd

Weight, g 201.0 90.6 189.6 28.5 G12
Weight, % .38 .20 .32 .03 G123
pHf 6.04 6.01 5.88 .26 —

Organs, %
Heart .35 .37 .35 .02 —
Lung .76 .70 .63 .13 —
Liver 1.88 2.28 1.89 .31 G12
Kidney .34 .40 .33 .04 G12
PVDOg 4.77 6.52 5.12 .63 G12
Spleen .17 .21 .15 .05 G2
Pancreas .16 .21 .18 .02 G12
Stomach .69 .87 .76 .08 G12
Small intestine 1.98 2.44 1.87 .30 G12
Cecum .16 .23 .19 .04 G12
Large intestine 1.62 2.55 1.96 .30 G123

chill at 2°C for 6 h, at which time longissimus muscle
area ( LMA) of the left side between the 10th and
11th ribs was traced onto acetate paper for measure-
ment. Internal temperature of the longissimus taken
from between the 7th and 10th ribs was recorded, and
a 2.5-g sample was removed from the interior of the
muscle for pH determination (Bendall, 1973). The
semitendinosus muscle was removed in its entirety
from the left side at 6 h postmortem and weighed, and
a 2.5-g interior sample was removed for pH determi-
nation.

The right side of each carcass was frozen at −20°C
and then ground (model 1109, Weiler and Co.,
Whitewater, WI) successively three times through a
face plate with 6-mm holes. Duplicate samples (100
g) were analyzed for moisture by freeze-drying
(Labconco Freeze Dry-12 With Tray Dryer, model
75011, Labconco Co., Kansas City, MO) and for lipid,
ash, and Kjeldahl N by AOAC (1984) procedures.

Accretion rates for each individual component and
total carcass were calculated from estimated initial
composition and analyzed final composition. Initial
composition estimates were obtained by regressing the
composition (Table 3) of the initial slaughter group
on slaughter weight by genotype (Table 4), and rates
of tissue deposition were computed using the actual
number of days for each pig until slaughter. For
comparison, those slaughter and carcass criteria
measured for the test group are also presented for the
initial slaughter group (Table 5).

Statistical Analyses. Data were analyzed as a
completely randomized design using the GLM proce-
dure of SAS (1988). Analysis of covariance was
conducted on select muscle criteria. Individual pig was
considered the experimental unit, and the variance
was partitioned using orthogonal contrasts appropri-
ate for a 2 × 2 × 3 factorial treatment arrangement
including all main effects and two-way and three-way
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interactions. A protected LSD was used to separate
genotype and interaction means when the F-test was
significant for these effects. Because two pigs were
excluded from the data set, values presented are least
squares means.

Results

Initial Slaughter Group. Because the pigs used in
this research were born over a 5-wk period, the
average age was slightly younger for D × Wc pigs than
for M or M × Wc pigs. However, M pigs had lower
slaughter BW and hot carcass weights than D × Wc or
M × Wc pigs (Table 5). Head, feet, and skin weights
represented a greater proportion of the live BW in M
pigs than in D × Wc and M × Wc pigs ( P < .05). The
LMA and semitendinosus weight (total grams) were
less for M pigs than for the crossbred pigs ( P < .001).
However, when semitendinosus weight was expressed
relative to BW, pigs ranked in descending order by
increasing percentage of M in the genotype ( P < .001).
Longissimus muscle temperature and pH seemed to be
inversely related and highly dependent upon slaugh-
ter weight, because as pigs having a heavier slaughter
or hot carcass weight had higher 6-h temperatures
and lower pH. This relationship was most evident
when comparing M × Wc and M pigs ( P < .01), which
were heaviest and lightest, respectively.

With the exception of heart, lung, and spleen,
visceral organ weights relative to slaughter weight
were greatest in M pigs ( P < .05) and seemed to
increase as the percentage of M in the genotype
increased (i.e., numerically higher for M × Wc than D
× Wc pigs). However, statistical differences were
detected only between M × Wc and D × Wc pigs for
large intestine weight. Also, spleen weight was not
different between M and D × Wc pigs, but M × Wc pigs
had heavier spleens than did M pigs.

Carcass lipid (Table 3) tended to be higher and
moisture lower for M pigs than for D × Wc pigs ( P =
.14 and P = .12, respectively). However, no differences
were observed among genotypes for carcass protein or
ash ( P > .31). Regression equations for the initial
slaughter group (Table 4) demonstrated different
intercept and slope coefficients for the three geno-
types, but these were not statistically compared.
Correlation coefficients for regression equations were
high and suggest that predictability was accurate for
estimation of initial composition of the test group
based on initial weight.

Growth Performance and Calorimetry. Results for
growth performance and calorimetry criteria are
presented in Table 6. An interaction ( P < .03) was
observed between genotype and salbutamol for ADG
resulting from M × Wc pigs gaining 146 g/d faster with
salbutamol, whereas M pigs were unaffected and D ×
Wc pigs had a numerical increase (+80 g/d, P = .14) in
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ADG. Independent of salbutamol treatment, M pigs
had the lowest ADG, M × Wc pigs were intermediate,
and D × Wc pigs ranked highest among genotypes ( P <
.01); however, ADG of M × Wc pigs receiving
salbutamol was similar to that of D × Wc pigs with or
without salbutamol treatment. Daily gain was im-
proved by individual treatment with pST (+70 g/d, P <
.03), but combined treatment with pST and sal-
butamol tended not to yield an additive improvement
(pST × salbutamol; P = .09). Daily feed intake was
lower ( P < .001) for M pigs than D × Wc or M × Wc
pigs and was reduced independently of genotype or
salbutamol when pigs were injected with pST ( P <
.001) and was unaffected by salbutamol treatment.
Efficiency of feed utilization was not affected by
genotype, whereas pST and salbutamol additively
increased G/F ( P < .01), but to differing degrees (126
vs 29 g/kg, respectively).

Somatotropin differentially increased O2 consump-
tion and heat production among genotypes ( P < .04),
whereas salbutamol had no effect. Both criteria were
similar across genotypes with no pST and were
increased by pST administration ( P < .001). The
interaction was due to M pigs having a greater
increase in O2 consumption and heat production (+34
and 31%, respectively) than the other two genotypes
(18 and 17%, respectively). Somatotropin injection
expectedly increased the production of CO2 (+18%, P <
.01) as a result of increased O2 consumption, but the
degree of increase was similar among genotypes.
Salbutamol reduced CO2 production in D × Wc pigs
( −10%, P < .05) but not in M or M × Wc pigs.
Untreated D × Wc pigs produced more CO2 than did
untreated M × Wc pigs ( −9%, P = .05). A tendency for
a genotype × pST × salbutamol interaction ( P = .07)
was observed for CO2 production, which apparently
resulted from M × Wc pigs having increased CO2
production rates in the absence of pST and numerical
decreases in the presence of pST. The ratio of O2
consumed to CO2 produced (respiratory quotient, RQ)
was decreased by pST ( −5%, P < .001) across
genotypes, whereas salbutamol tended to reduce RQ
only in M pigs ( −5%, P = .08). Furthermore, in the
absence of salbutamol, M pigs had a higher RQ (+6%,
P = .05) than did M × Wc pigs, and D × Wc pigs were
intermediate.

Slaughter and Carcass Criteria. Slaughter and car-
cass measurements for the test group are presented in
Table 7. Pigs were of similar age, but M pigs had the
lowest slaughter and hot carcass weights ( P < .001).
Dressing percentage decreased with increasing M in
the genotype ( P < .001), and pST decreased it
compared with controls (58.4 vs 60.2%, respectively).
Salbutamol caused dressing percentage to be in-
creased across genotypes (58.6 vs 60.0%). Head and
feet weights were greater ( P < .001) for M pigs than
for M × Wc or D × Wc, which were not different, and
both were increased by pST administration ( P < .02)

but unaffected by salbutamol. Even though a genotype
× pST interaction was observed for skin weight, M and
M × Wc pigs had greater weights than did D × Wc pigs
( P < .05), and the degree of change was related to the
amount of M represented in the genotype. Interactions
were accounted for by increased skin weight in M pigs
with pST (13.37 vs 14.50%; P < .01), whereas no
difference was observed between pST treatments in
the crossbred pigs. Leaf fat weight among genotypes
was also interactively influenced by pST, resulting
from M pigs having greater reductions ( −52%, P <
.001) in leaf fat than either D × Wc or M × Wc pigs
( −33 and 28%, respectively). Meishan pigs receiving
no pST had the greatest amount of leaf fat, and only
numerical differences were observed between the
crossbred pigs.

The semitendinosus weight and LMA were greatest
for D × Wc, intermediate for M × Wc, and lowest for M
pigs ( P < .02). In general, LMA was increased by 13%
with pST or salbutamol ( P < .001), but semitendino-
sus weight was increased more by pST than by
salbutamol (41 vs 25 g, respectively). Longissimus
temperature at 6 h postmortem was interactively
influenced by pST and salbutamol ( P < .02) indepen-
dent of genotype, although M pigs had lower tempera-
tures ( P < .001) as a result of reduced carcass mass.
The pST × salbutamol interaction resulted from an
increase in temperature caused by salbutamol in the
absence of pST, whereas temperature was reduced by
salbutamol in the presence of pST. However, pST
treatment alone elicited no effect. Longissimus pH
was unaffected by pST or salbutamol at 6 h postmor-
tem, although pH was highest for M pigs ( P < .001),
and seemed to be related to muscle temperature.
Semitendinosus pH was higher than that of longissi-
mus and followed a similar pattern across genotypes,
but salbutamol caused an increase only in semiten-
dinosus pH ( P < .001).

Heart weight was increased more ( P < .001) by pST
in M pigs than in either D × Wc or M × Wc pigs.
Weight of lungs seemed ( P = .12) to be reduced by
salbutamol when pigs received pST, although pST
independently increased weight. However, lung
weight was increased by salbutamol in D × Wc pigs
and decreased in M × Wc pigs ( P < .03), but no effect
was observed in M pigs. Liver weight seemed ( P =
.15) to be increased more by pST in M pigs than either
D × Wc or M × Wc pigs, but differences among
genotypes were more evident when evaluated indepen-
dently of pST treatment. Regardless of genotype, pST
increased liver weight ( P < .001). Salbutamol
decreased liver weight in D × Wc ( P < .01) and M ( P =
.07) pigs but not in M × Wc pigs. Kidneys of M pigs
were larger than those of the crossbred pigs ( P < .02),
and pST increased weight similarly across genotypes
( P < .001).

The combined PVDO represented a greater propor-
tion of BW as the amount of M in the genotype
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increased ( P < .01). Salbutamol decreased ( P < .001)
and pST increased ( P < .001) PVDO, although
salbutamol tended ( P = .09) to cause a greater
reduction in the presence of pST. Individually, propor-
tions of pancreas and small intestine were greatest in
M pigs (M vs others, P < .001), whereas proportions of
stomach, cecum, and large intestine increased as the
representation of M increased in the genotype ( P <
.03). Somatotropin increased ( P < .001) the weights
of spleen, pancreas, stomach, and small intestine
across genotypes, whereas salbutamol tended to
decrease the weights of these organs ( P < .05, P = .11,
P = .13, and P < .01, respectively). Large intestine
weight was also interrelated to pST and salbutamol
treatment; pigs fed salbutamol and injected with pST
had less large intestine mass ( P < .05) than pigs
receiving buffer. Similar findings were observed for
cecum weight (pST × salbutamol, P = .16), but pST
had no effect ( P > .20) and salbutamol consistently
reduced cecum weight ( P < .01).

Carcass Composition and Accretion Rates. Carcass
compositions of moisture, protein, and lipid (Table 8)
were not different among genotypes ( P > .17),
whereas ash tended to be higher for M pigs ( P = .09).
Proportions of moisture and protein were increased in
carcasses ( P < .001) by either pST or salbutamol
treatment, although salbutamol had comparatively
less effect (increases of 5 and 7%, respectively) than
did pST (increases of 16 and 18%, respectively).
Similarly, carcass lipid content was reduced ( P <
.001) more by pST ( −33%) than by salbutamol
( −12%) across genotype. Percentage of ash was
increased by pST (+14%, P < .001) and decreased by
salbutamol ( −3%, P < .05).

Salbutamol elicited differential effects among geno-
types for total carcass and protein accretion rates ( P <
.03). The interaction resulted from M pigs not being
affected by salbutamol, whereas M × Wc pigs had a
greater increase in total carcass accretion compared
with D × Wc pigs (+117 vs 71 g/d, respectively). Also,
protein accretion was not changed by salbutamol in M
pigs, whereas it was significantly improved in M × Wc
and D × Wc pigs (+33 and 24 g/d, respectively, P <
.001). Furthermore, salbutamol increased moisture
accretion across genotypes (+60 g/d, P< .001),
although there was a slight tendency ( P = .16) for a
response similar to those of total carcass and protein
accretion. Among genotypes, accretion rates of
moisture and protein generally had an inverse rela-
tionship and accretion rate of lipid a positive relation-
ship to the amount of M present in the genotype.
Somatotropin increased accretion rates of carcass
moisture, protein, and ash (115, 35, and 6 g/d,
respectively) and decreased that of lipid (146 g/d)
independently of salbutamol or genotype ( P < .001).
However, because of the dramatic reduction in lipid
accretion, total carcass gain was not significantly
affected by pST.

Discussion

We injected a constant amount of pST (4 mg/d),
and the calculated delivery based on BW (60 mg/kg)
was within an effective dose range (Etherton et al.,
1987; Evock et al., 1988; Krick et al., 1992). Also,
because growth and tissue deposition can be limited
by the amount of nutrients provided by the diet
(Campbell et al., 1990, 1991; Caperna et al., 1990,
1991; Goodband et al., 1990), we chose the diet for the
present experiment based on a preliminary investiga-
tion (Hansen et al., 1994) with a lysine content of
1.2%, which is consistent with previous research
(Goodband et al., 1990) for pST-treated pigs. The
dosage of salbutamol (2.75 ppm) was based on the
findings of Warriss et al. (1990a,b).

The effects of pST on BW change do not provide an
adequate estimate of its effectiveness or overall value,
nor do they explain what changes are occurring in an
individual tissue. This is evident when comparing the
change in growth rate (+70 g/d) to the changes in
accretion of carcass protein, moisture, lipid, and ash
(+35, +115, −146, and +6 g/d, respectively) with pST
administration in the present experiment. The net
increase in growth rate attributable to the carcass
components was only 10 g/d, and the difference of 60 g/
d was due to increased organ weight. Caperna et al.
(1991), Bidanel et al. (1991), van der Steen et al.
(1991), and Krick et al. (1992) found carcass
accretion rates that were altered in a similar manner
by pST administration in pigs of similar size and type
as those in the present experiment. The genotypes
used in this experiment demonstrated performance
consistent with results of previous research with
animals of similar genotype and age (Bidanel et al.,
1991; Yen et al., 1991).

Because pST depresses daily feed consumption of
animals allowed to eat ad libitum (Knight et al.,
1991), the expression of nutrient needs on a grams
per day basis is warranted. Somatotropin consistently
increased the efficiency of nutrient utilization for
protein deposition even when pigs consumed nutrients
similar to those consumed by untreated controls
(Campbell et al., 1988; Caperna et al. 1991). Also,
because an increase in G/F is consistently observed
with pST administration, the relative change in
efficiency of nutrient utilization for lean tissue deposi-
tion is far greater than that for total BW gain.

Evaluation of the interactions observed between
genotype and pST indicates that pST elicits its effects
predominantly by causing proportional changes in
tissue growth. For example, skin weight was increased
by pST, but the increase was greater in M pigs, which
generally had greater quantities of skin. Although we
expressed skin relative to slaughter weight, the
relatively high biological activity of skin would cause
the tissue to increase proportionally to its weight (i.e.,
tissues that turn over quickly are greatly influenced
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by pST). Likewise, Bidanel et al. (1991) observed
that visceral organ weights were consistently in-
creased to a greater degree by pST in M pigs. Our
findings support their research, although we found
significant interactions only for heart weight. There-
fore, the interactions of pST seems to be directly
related to the relative size of the tissues it affects in
each genotype. Furthermore, alterations may occur in
the metabolic end products available at other tissue
locations because of shifts in organ output potential,
thus providing peripheral tissues with greater quanti-
ties of nutrients or biologically active peptides (as
suggested by Harris et al., 1990). Many reports have
demonstrated that pST administration increases sys-
temic pST and IGF-I (Evock et al., 1988; Buomono et
al., 1990; Klindt et al., 1992; Spicer et al., 1992) and
IGF-II (Buomono et al., 1990; Klindt et al., 1992;
Spicer et al., 1992), which are believed to mediate the
effects of pST. Visceral organs represent a greater
proportion of the mass of M pigs, and injection of pST
has been shown to increase their weight (Bidanel et
al, 1991; van der Steen et al., 1991; Klindt et al.,
1992); therefore, it is reasonable that a greater
amount of endogenous metabolites or hormones may
be produced. The differential effects observed for
increased O2 consumption and consequently increased
heat production caused by pST are not surprising. The
greater increase of visceral organ mass and skin
weight in M pigs suggests that basal metabolic rate
would follow proportional shifts, as noted by Noblet et
al (1992a). Yen et al. (1989) observed that portal
vein-drained viscera can account for up to 25% of the
energy requirement in feed-deprived swine. Thus,
increasing the size of these organs with pST should
increase heat production during feed deprivation.

Salbutamol increased live BW, carcass protein, and
total carcass weight gain in the crossbred pigs but not
in the M pigs. The differential effects on live BW and
total carcass gain could have been due to slight
alterations in accretion of lipid, moisture, and ash, but
most likely they were more closely related to changes
in feed consumption. Other researchers have found
reduced feed consumption with cimaterol (Jones et al.,
1985; Prince et al., 1985; Moser et al., 1986), though
Yen et al. (1991) observed improved carcass muscling
and ADG without a change in feed intake when
feeding ractopamine to pigs of similar genetic makeup.
One of the possible reasons why M pigs had a general
reduction in feed consumption and depressed growth
when fed salbutamol relates to animal handling.
Because we obtained a blood sample from the pigs at
each weigh date, we observed that M pigs responded
negatively to restraint and would go off-feed for
several days after bleeding. Also, because LMA,
semitendinosus weight, and carcass protein were
increased and total carcass lipid content was reduced
across genotypes with salbutamol, the change in rate
of weight gain most likely was related to feed
consumption.
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Yen et al. (1991) found that M and crossbred pigs
had similar improvements in ADG when fed ractopa-
mine, but LMA was unaffected, whereas we demon-
strated an improvement in the latter. Also, Yen et al.
(1990a) observed that lean and obese pigs of
predominantly U.S. ancestry fed ractopamine had
similar improvements in carcass leanness, as in the
present experiment, but showed no differences in
ADG. This may be a result of different porportions of
muscle fiber types among genotypes, or possibly M
pigs have a different reactivity to b-adrenergic
agonists compared with Western breeds. Genotypes of
pigs vary with respect to the density of b-receptors in
different tissues (Böcklen et al., 1986), and the
response could be related to the density of these
receptors in organs that influence rate of growth. This
seems most likely based on the interactions between
salbutamol and genotype that caused greater improve-
ments in performance or carcass traits of M × Wc pigs
than of D × Wc pigs, whereas salbutamol treatment
did not affect M pigs. Hence, a possible synergistic
effect could be occurring with respect to receptor type
and density for this genotype because of the divergent
genetic bases of M and Western breeds. Obviously,
characterization of specific responses at the cellular
level would allow a more complete understanding of
the mechanisms by which salbutamol elicits its
differential effects.

The combination of pST and salbutamol resulted in
additive increases in carcass protein and water.
Furthermore, it brought about additive improvements
in LMA and semitendinosus weight. Though these
responses were not entirely expected, it is reasonable
to believe that the mechanisms by which each elicits
its effects are different. Whereas pST increases organ
mass, salbutamol tends to reduce it, suggesting that
salbutamol increases protein mass locally at the tissue
level. Alternatively, receptors for pST are found on
skeletal muscle but pST effects seem to be more
indirect through organs or endocrine means (Louveau
and Etherton, 1992). b-Adrenergic agonists are known
to stimulate the release of growth hormone (Perkins
et al., 1983, 1985; Beermann et al., 1987), which
further suggests that more interactions should have
been observed in the present study. However, systemic
changes in endocrine profiles seem to be of less
importance than the direct receptor-mediated effects
in the skeletal muscle or adipose tissue (see review by
Pell and Bates, 1990).

Adipose tissue seemed to be affected to a lesser
degree than muscle tissue with salbutamol adminis-
tration. Although several reports (Fiems, 1987; Rule
et al., 1987; Mersmann and McNeil, 1989) have
implicated b-adrenergic agonists in altering adipocyte
metabolism, chronic exposure may cause profound
metabolic alterations. Webster et al. (1986) suggested
that insulin binding in skeletal muscle can be
enhanced via a b-adrenergic receptor, which would

partially explain the less pronounced effects of b-
adrenergic agonists on lipid compared with protein
(Jones et al., 1985; Walker et al., 1989; Yen et al.,
1990b, 1991). The interaction between pST and
salbutamol for large intestine weight is unclear and
cannot be explained at present. However, the interac-
tion for longissimus temperature is believed to be
directly related to degree of lipid covering the longissi-
mus of pigs. Possibly, different lipid deposits in pig
carcasses are more responsive to salbutamol. Yen et
al. (1991) did not find a response to ractopamine for
fat depth in genotypes similar to those used in this
study. Thus, characterization of the receptors and the
effects of chronic exposure to b-adrenergic agonists on
them should help our understanding of the variation
that occurs.

In summary, individual and combined use of pST
and salbutamol increased the relative distribution of
muscle in the carcass of finishing pigs at the expense
of lipid. Although rates of tissue accretion were
inconsistent across genotypes, the growth modifiers
did not interact in any way that depressed growth.
Also, interactions were observed between genotype
and pST for several visceral organs, but these effects
seem to be more related to the relative proportion that
the organs represent of the live BW. Our data support
the combined use of these compounds to improve
carcass lean composition; however, growth rate and
some carcass traits may vary among genotypes with
salbutamol and pST treatment.

Implications

The concomitant use of porcine somatotropin and
salbutamol resulted in additive increases in carcass
protein and water accretion in crossbred genotypes,
but not in purebred Meishan pigs. Although porcine
somatotropin caused greater reductions in carcass
lipid than did salbutamol, the combined effects of
these two growth modifiers were additive and consis-
tent with regard to genetic background. The combined
use of these compounds should increase lean tissue
deposition at the expense of lipid in a wide variety of
swine. However, salbutamol may act differentially in
various genotypes of swine.
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